Recent bioinformatics-aided searches have identi®ed many new small RNAs (sRNAs) in the intergenic regions of the bacterium Escherichia coli. Here, a shot-gun cloning approach (RNomics) was used to generate cDNA libraries of small sized RNAs. Besides many of the known sRNAs, we found new species that were not predicted previously. The present work brings the number of sRNAs in E.coli to 62. Experimental transcription start site mapping showed that some sRNAs were encoded from independent genes, while others were processed from mRNA leaders or trailers, indicative of a parallel transcriptional output generating sRNAs coexpressed with mRNAs. Two of these RNAs (SroA and SroG) consist of known (THI and RFN) riboswitch elements. We also show that two recently identi®ed sRNAs (RyeB and SraC/RyeA) interact, resulting in RNase III-dependent cleavage. To the best of our knowledge, this represents the ®rst case of two non-coding RNAs interacting by a putative antisense mechanism. In addition, intracellular metabolic stabilities of sRNAs were determined, including ones from previous screens. The wide range of half-lives (<2 to >32 min) indicates that sRNAs cannot generally be assumed to be metabolically stable. The experimental characterization of sRNAs analyzed here suggests that the de®nition of an sRNA is more complex than previously assumed.
INTRODUCTION
In the traditional view, the transcriptional output of a genome comprises three major classes of RNAs, which function either in genetic information transfer (mRNA) or in protein synthesis (rRNA and tRNA). A minor addition were a few small, untranslated RNAs with housekeeping or regulatory roles [reviewed in Wagner and Vogel (1) and Wassarman et al. (2) ]. Recent systematic searches for such small non-coding RNAs (sRNAs) have signi®cantly changed our view about their prevalence, since numerous representatives of these molecules are now known to be encoded by bacterial, archaeal and eukaryal genomes (3) . In 2001, three groups searched thè empty' spaces between known protein-coding regions, i.e. intergenic regions (IGRs), of Escherichia coli and discovered 31 new sRNAs (4±6). Bioinformatic analysis of sequence conservation among closely related bacteria and/or structural conservation at the RNA level proved to be powerful tools for identi®cation of such sRNA genes. Additional strategies used were analyses of transcription initiation and termination features, or transcript detection on microarrays speci®cally in IGRs. Other recent approaches to predict sRNAs in E.coli employed neural networks to extract common features among known RNAs (7), relied on transcription features alone (8) or used whole genome arrays (9) . A recent compilation sets the present number of E.coli sRNA genes at 55 and, furthermore, about 1000 non-redundant sRNA candidates have been proposed but are as yet uncon®rmed (10) .
Though sRNAs comprise a signi®cant fraction of the overall transcriptional output in E.coli, the screens for these molecules have not been saturated. Experimental veri®cation of sRNA candidates might have been limited by the growth conditions tested, and stable secondary structures of sRNAs could have hampered detection on oligoribonucleotide arrays [e.g. Wassarman et al. (6) ]. Moreover, most screens (4, 6, 8) deliberately searched for sRNAs encoded by independent genes, although sRNAs can be generated by processing of longer transcripts, as in the case of E.coli 6S RNA (11) .
In contrast to screens that rely on predictions, cDNA cloning of RNAs in the size range of 50±500 nt aims at identifying those sRNAs that are expressed in a given genome under a given set of conditions, irrespective of whether they are encoded independently or generated by processing. This approach, experimental RNomics, has been successfully employed to discover a vast number of non-coding RNAs in several eukaryotic organisms and in the archaeon Archaeoglobus fulgidus (12±17).
To complement previous studies of the overall sRNA output in E.coli by an entirely different methodology, an RNomics approach was here applied to a eubacterial genome for the ®rst time. We present novel distinct sRNA species, some of which are processed from leader or trailer regions of mRNAs. We also report on their expression patterns, metabolic stability and precise genomic location, including analyses of some previously described sRNAs.
MATERIALS AND METHODS

Oligonucleotides
The complete list of RNA and DNA oligonucleotides used in RACE experiments and as probes in hybridization is provided as Supplementary Material available at NAR Online (Table S2) .
cDNA library construction
Overnight cultures of E.coli were diluted 1/100, grown at 37°C in LB medium, and harvested at OD 600 = 0.2, 0.6 and 1.5, representing lag phase, exponential/log phase and stationary phase, respectively. Total RNA was prepared by the TRIzol method (Gibco-BRL), and 200 mg were subsequently fractionated on denaturing 8% polyacrylamide gels (7 M urea, 1Q TBE buffer). RNAs in the size range of~50 tõ 500 nt were eluted and ethanol precipitated. For a full description of the subsequent cDNA library construction steps, pre-screening on high density ®lter to exclude rRNA and tRNA fragments, and sequencing procedures, see Yuan et al. (17) .
Biocomputational analysis
Overlapping sequences were automatically sorted into contigs (LASERGENE sequence analysis program package) and mapped to the E.coli genome sequence (18) by BLASTN searches (NCBI; GenBank entry U00096). Annotations of E.coli genes were based on the Colibri database (http:// genolist.pasteur.fr/Colibri/). MFOLD version 3.1 was used for RNA secondary structure predictions (19) .
RNA isolation, northern detection and RNA half-life determination
Escherichia coli K12 cells from overnight cultures were diluted 1/100 in LB medium or M9 minimal medium supplemented with glycerol (0.4%) and thiamine (0.5 mg/l), and subsequently grown at 37°C. Samples for RNA isolation were withdrawn 1.5, 2, 4.5, 6.5, 8.5 and 24 h after dilution in LB (OD 600 = 0.3, 0.6, 3, 3.9, 4 and 3.8, respectively) and 5, 15 and 24 h after dilution in M9 medium (OD 600 = 0.3, 1.05 and 1.1, respectively). The effect of RNase III was studied in the isogenic rnc70 mutant obtained by P1 transduction from strain W3110 rnc70::Tn10 (20) , and sample time points were adjusted to compensate for slower growth. Total RNA was isolated by acid±phenol extraction and DNase treated (21) .
RNA samples (~30 mg but normalized to equal 5S rRNA hybridization signals in ®nal experiments) were denatured for 5 min at 65°C in loading buffer containing 50% formamide, separated on urea±polyacrylamide (8%) gels, and transferred to nylon membranes by electroblotting. Membranes were hybridized with gene-speci®c 32 P-end-labeled oligodeoxyribonucleotides, and hybridization signals were visualized on a Bio-Rad phosphorimager.
RNA half-lives were determined by treating cells with rifampicin (®nal concentration: 500 mg/ml) and isolation of RNA before (0 min) and 1, 2, 4, 8, 16, 32 and 64 min after rifampicin addition. Stability was determined in exponential (OD 600 = 0.3) and/or in stationary phase (5 h after 1:100 dilution; OD 600 = 3.5). To measure the half-life of the plasmid-borne CopA RNA, K12 cells carrying plasmid pKN177 (22) were used. Half-lives were calculated from lin-log graphs of time after rif treatment against RNA signal intensity.
5¢ and 3¢ RACE
5¢ RACE was carried out essentially as described by Bensing et al. (23) , but with modi®cations. The detailed protocols for 5¢ and 3¢ RACE were published in Argaman et al. (4) .
RESULTS
General strategy
To investigate the population of sRNAs in E.coli grown under standard laboratory conditions, three independent cDNA libraries were generated from strain MG1655 (18) . Since growth rate-speci®c expression was observed for many E.coli sRNAs [e.g. Argaman et al. (4) and Wassarman et al. (6) ], RNA was extracted from cells in lag phase, exponential phase and stationary phase. RNA was size selected (50±500 nt), Ctailed with poly(A) polymerase, reverse transcribed, and cDNA libraries were constructed by directional cloning (Materials and Methods). A total of 10 000 individual clones were pre-screened by hybridization on high density ®lters to exclude rRNA and tRNA sequences. Then 1000 cDNA clones from each growth phase, exhibiting the lowest hybridization scores, were sequenced, resulting in single or assembled overlapping sequences, which we refer to as contigs. Contigs were mapped to the E.coli genome, and candidates for unknown sRNAs, primarily from IGRs, were tested by northern blot. If signals for distinct sRNAs were observed, characterization was extended to a broader set of growth conditions in both rich and minimal medium. In addition, transcription initiation sites (TSS) and, when necessary, 3¢ ends were mapped, and the metabolic stability of sRNAs was determined in rifampicin run-out experiments.
Collection of sRNA candidates from cDNA libraries from different growth phases Before ®nal analysis, cDNA sequences that either were too short (<15 bp), only partially matched genomic sequences, or represented tRNA or rRNA segments were removed. Of the ®nal set of 451 contigs in the combined library (Table S1 in Supplementary Material), 77% were derived from within coding regions of known genes or open reading frames (ORFs) of unknown function. There was no strong bias towards certain regions within mRNA-related fragments (Fig. 1) . Surprisingly, 5% of the ®nal contigs had matches within a gene or ORF but in antisense orientation, supporting previous experimental evidence for signi®cant global antisense transcription (24) . Fragments from intergenic, or, more precisely, from intercoding regions, accounted for 17%. Known regions of gene leader peptides comprised a further 1%. Since 89% of the E.coli DNA consists of protein-coding, tRNA and rRNA regions (18) , these ®gures exhibit a slight bias towards IGRs in which most of the known sRNAs have been found to be located (10) .
Comparing these with the list of 55 known E.coli sRNAs (10), 20 were found in our library. Signi®cantly, the library contained many sRNAs expressed under standard growth conditions (refer to Supplementary Table S1 for details in this paragraph). Thirty-four candidate contigs, predominantly from IGRs, were selected for further analysis based on: (i) number of individual sequences assigned to a contig; (ii) sequence conservation in closely related enterobacteria and transcription features as in Argaman et al. (4); and/or (iii) matches to unveri®ed candidates from the experimental sRNA screens published in 2001 (4±6), but excluding repetitive extragenic palindromic sequences (REP elements) (25) . Northern analyses identi®ed seven of these as sRNAs ranging in size from~70 to 180 nt. The remaining contigs either showed hybridization to high molecular weight RNAs, suggesting them to be degradation intermediates of longer transcripts, or failed to yield a signal even with a second probe. The new sRNAs were named SroA±SroH (small RNomics RNA) according to their location on the E.coli genome map (Table 1) , including tke1 (5) as SroF. Three sRNAs previously described by others, but whose precise genomic location remained unde®ned (RybB, RyeB and RygB) (6), were included in the experiments below.
Expression features of sRNAs (northern blots and RACE mapping)
Northern blot analysis was performed using RNA sampled at different time points of growth in LB and M9 minimal medium, respectively (Fig. 2) . As previously observed (4, 6) , the majority of sRNAs was upregulated upon entry into, or in, stationary phase, whereas SroA and SroG showed the opposite expression pattern. SroD showed a particularly narrow range of expression, peaking when cells grown in LB medium had reached a plateau. SroC reproducibly exhibited two expression peaks in early and in late stationary phase, respectively (most clearly seen in LB medium; Fig. 2 ). Most of these sRNAs were present as single size species. However, SroF and RybB exhibited growth-dependent size variations, indicative of RNA processing (see below).
While available cDNA sequences provide the genomic location of these sRNAs, they do not always pinpoint exact 5¢ and 3¢ ends. To this end, RACE experiments were conducted. For 5¢ end mapping, we chose a protocol that makes use of the enzyme tobacco acid pyrophosphatase [TAP; see Argaman et al. (4) and Bensing et al. (23) for details], which permits us to distinguish between 5¢ ends generated by cleavage/ processing and 5¢ ends of primary transcripts (TSS). These Table S1 with regard to their origin in coding or intergenic regions. experiments suggested that eight of the 11 sRNAs investigated here were primary transcripts, originating from a promoter located immediately upstream (Figs 2 and 3 ). RNA processing sites that accounted for faster migrating bands were identi®ed for SroH, RyeB and RygB ( Fig. 2 ; Table 1 ). 3¢ RACE was performed for some sRNAs that lacked a recognizable Rhoindependent terminator at a distance from the 5¢ end consistent with the length of the RNA (data not shown). The results, which in all cases were consistent with transcript sizes on northern blots, are discussed along with some genomic features of the individual sRNAs as follows.
SroA. SroA is encoded in the 163 bp IGR between thiB and yabN and had been predicted by QRNA; however without specifying an orientation (5). The IGR is conserved between E.coli and Salmonella species, as are the adjoining genes. Transcription of SroA is initiated 36 bp downstream of the yabN stop codon, and terminates in a U-run following an extended stem±loop region. The downstream thiB gene belongs to the thiBPQ transport operon whose regulation by thiamine derivatives involves an RNA sensor or riboswitch element (THI element) in the 5¢ untranslated region (UTR) of thiB (26, 27) . Since the sroA region covers this THI element, it is possible that SroA is generated by attenuation of thiBPQ transcription in rapidly growing cells (Fig. 2) .
SroB. SroB is located in a 203 bp IGR, in the opposite orientation to the adjoining ORFs ybaK and ybaP, encoding proteins of unknown function. This region is conserved in Salmonella species, including its Rho-independent terminator and a promoter which is consistent with the mapped TSS (Fig. 3) . In line with expression in stationary phase, a C residue at ±13 shows the signature of s s -regulated promoters (28). SroC. This covers almost the entire 169 bp IGR following the ®rst gene (ybeJ) of a proposed alternative glutamate transport operon (29) . The 5¢ end of SroC was mapped to the ybeJ stop codon and is unlikely to represent a TSS, indicated by RACE results (Fig. 3 ) and the absence of E.coli promoter motifs upstream. Similar alternative secondary structures predicted in E.coli and Salmonella species (data not shown) suggest that SroC is generated by transcription attenuation in front of the gltJKL genes.
SroD. This sRNA extends from within the 3¢ region of fadD into the promoter of the rnd gene located downstream [(30); the rnd promoter was con®rmed in RACE experiments; data not shown] and ends at a Rho-independent terminator that is implicated in regulation of rnd translation (30) . The latter study failed to detect an sRNA ending at this terminator but, considering the narrow window for SroD detection (Fig. 2) , this may be attributable to the investigated growth condition. RACE data suggest that SroD is processed from the upstream fadD mRNA.
SroE.
SroE is yet another sRNA processed from a longer transcript, here from the upstream gcpE gene. Its 5¢ end was mapped to the UAA stop codon of gcpE (third nucleotide). SroE extends into the promoter region of the downstream hisS gene [(31); here con®rmed as a TSS; data not shown] where it terminates in a U-run after an extended stem±loop. Both adjacent genes and the 110 bp IGR are conserved between E.coli and Salmonella species; the SroE sequences are predicted to fold into identical two-stem±loop structures with sequence variation con®ned to loops. Detection of SroE con®rms a previous prediction by QRNA (5) .
SroF. This is detectable in two different sizes, as observed by Rivas et al. (5) , but abundance and molar ratio between the two species vary with growth phase. Both RNAs retain the same primary 5¢ end (TSS; Fig. 3 ). The 148 nt RNA is processed in the 3¢ region, whereas the longer 181 nt RNA ends at a Rho-independent terminator which overlaps the RBS of the downstream ORF yfhK, thus indicating SroF to be a putative leader/5¢ UTR. However, since different yfhK start codons were annotated in E.coli and Salmonella species, respectively, and the N-terminus of the YfhK protein is unkown as yet, the strong conservation of the RNA-coding region rather suggests sroF to be an independent sRNA gene.
SroG. SroG is derived from the leader of ribB which, like many genes involved in ribo¯avin biosynthesis, contains an RFN element (32) . This riboswitch element senses¯avin derivatives and regulates gene expression through transcription attenuation in some rib genes (33, 34) , and regulation of translation initiation in others, e.g. E.coli ribB (35) . Intriguingly, RACE experiments (Fig. 3) suggest that SroG is created by cleavages within the ribB 5¢ UTR that faithfully and exclusively generate the entire RFN element. 3¢ RACE also showed signi®cant polyadenylation of SroG (data not shown).
SroH. SroH is only present in E.coli K12 and OH157 strains. It is encoded within a long IGR (~400 bp) and shares a bidirectional Rho-independent terminator with the downstream htrC gene. Lack of conservation of sroH in other bacteria coincides with the absence of htrC, encoding a heat shock protein (36) . In line with upregulation in stationary phase, sroH is preceded by a s s -like promoter (28) . RybB and RygB. These are two sRNAs originally described by others (6) , but their precise location remained unknown. Neither of the two neighboring genes of rybB have Rhoindependent terminators, which could suggest RybB to be generated by processing induced by base pairing of the overlapping transcripts in this IGR. However, RybB carries a 5¢ triphosphate (Fig. 3) , and the sRNA region is, in some enterobacteria, only conserved with one of its neighboring genes, ybjL (10). Thus, we consider rybB to be a genuine sRNA gene. RybB accumulates as a shorter processed RNA species late in growth. RygB has 77% sequence identity to SraE/RygA (4,6,10), both encoded from the IGR between aas and galR. Despite high sequence similarity, these two sRNAs exhibit an almost mutually exclusive expression pattern: RygB levels increase around the onset of stationary phase and decrease thereafter (Fig. 2) , whereas SraE accumulates as stationary phase progresses (4).
RyeB and SraC/RyeA (4,6). These two sRNAs are encoded in opposite orientation from the same IGR, located between pphA and yebY. The shorter one, RyeB (104 nt; minor species 74 nt; Table 1 (4, 6) . Increased abundance of RyeB upon entry into stationary phase coincides with the appearance of the shorter SraC, suggesting that base pairing between these RNAs could result in duplex-dependent RNase III processing. SraC and RyeB were analyzed on northern blots as a function of growth phase in a K12 strain and its rnc70 mutant derivative (20) . In the wild-type strain, RyeB became abundant at the 6.5 h time point and increased further (Fig. 4) . Simultaneously, full-length SraC decreased, and two putative processing products accumulated. In contrast, SraC levels remained unchanged throughout growth in the rnc70 strain, and the processing bands were absent. The reason for a slow mobility RyeB species in rnc mutant conditions is as yet unclear. SraC processing by RNase III in the presence of RyeB supports the ®rst case of two sRNAs interacting by an antisense mechanism, which is additionally strengthened by recent SraC/RyeB binding studies in vitro, and analyses of SraC in a strain de®cient in ryeB expression (F.Darfeuille, J.Vogel and E.G.H.Wagner, in preparation).
Intracellular stability of sRNAs
The intracellular concentration of an RNA depends on its rates of transcription and decay. In line with their functional requirements, antisense RNAs of bacterial plasmids generally exhibit very short half-lives [<2 min; (37)], whereas long halflives (20±60 min) were reported for some housekeeping and regulatory sRNAs encoded by bacterial chromosomes [e.g. see references in Wagner and Vogel (1) and Wagner et al. (38) ]. However, data are only available for a few sRNAs, and most half-lives were determined in exponentially growing cells, though many sRNAs are most abundant later in growth (4, 6) . Since little is known about how stationary phase physiology affects RNA decay, we probed, as a control, the antisense RNA CopA of plasmid R1 in a rifampicin run-out experiment in stationary phase cells. The half-life was determined to bẽ 3 min, close to the value obtained in exponential growth (22) . We then determined half-lives of 18 E.coli sRNAs (Fig. 5) in exponential or stationary phase, according to the condition of their highest abundance [this study and Argaman et al. (4)].
The half-life of RygB was determined in both growth conditions; no difference was found (Fig. 5) . Figure 5 reveals a wide spectrum of half-lives, ranging from <2 min to >32 min. The four most stable sRNAs could still be detected 64 min after transcription block (data not shown). Although 61% (11) of the sRNAs exhibited values within the 2±8 min range reported for the majority of E.coli mRNAs (39, 40) , half-lives exceeding 10 min were not uncommon. The group of the most stable sRNAs includes SroC (>32 min), a putative processed fragment of the ybeJ±gltJ spacer, and SroB (>32 min), an 84 nt sRNA which, according to predictions by MFOLD (19) , almost entirely lacks stable secondary structure elements. On the other hand, GcvB, an sRNA that regulates genes of the major peptide transport systems by an unknown mechanism (41) , is unstable (<2 min), as is SraJ (RyiA), which is the most abundant sRNA in co-immunoprecipitates with the RNA-binding protein Hfq (6) .
DISCUSSION
Arguably, E.coli is one of the most extensively studied organisms in molecular biology. For this bacterium, six searches for new sRNAs have been carried out (4±9) and so far have extended the number of experimentally veri®ed sRNAs to 55 (10) . In addition, numerous candidate sRNAs were predicted but have not been tested so far. The rationale for carrying out yet another search lies in that bioinformaticsbased approaches must build on patterns that require prior knowledge of searched-for features. RNAs that fail to meet these criteria may escape detection. RNomics approaches, used successfully in a number of organisms (12±17), identify sRNAs by cDNA shot-gun cloning of those RNA species that are present under a chosen set of conditions. Thus, RNomics is, in some respects, similar to the early approaches that identi®ed distinct sRNAs by orthophosphate labeling and biochemical isolation [4.5S and 6S RNA (42) , Spot 42, tmRNA and M1 RNA of RNase P (43)]. However, reverse transcription followed by cloning has since revolutionized isolation and sequence determination of numerous small RNAs in parallel, notably narrowly sized (~22 nt) subclasses of eukaryotic sRNAs, e.g. miRNAs and siRNAs (44±47).
In addition to 20 known sRNAs, our cDNA libraries of cloned sRNAs (or fragments thereof) contain a number of new sRNAs, some of which are absent from the current list of approximately 1000 non-redundant candidates [ Table 1 ; (10)].
Some well-characterized sRNAs were not found here, most probably due to speci®c expression patterns, e.g. OxyS [oxidative stress (48) ] and DsrA [cold shock (49) ]. Other RNAs might have escaped detection because of technical limitations, i.e. sRNAs may differ dramatically in their ef®ciency of C-tailing in cDNA library construction (17), e.g. due to structures near the 3¢ end. Thus, such technical biases may be responsible for the absence of some sRNAs, but improvement of the individual cloning steps and a greater sampling number might signi®cantly reduce these problems in the future. The total number of experimentally veri®ed sRNAs in E.coli, including the present work, is now 62. In the cDNA libraries obtained, 20 of the previously found sRNAs were represented, from single to 60 independent sequences in contigs (Table S1 ). So far, the biological roles of the recently identi®ed E.coli sRNAs are unknown [exceptions are RyhB/ FerA (50) and CsrC (51)], and so are their targets, presuming most of them to be riboregulators/antisense RNAs (52, 53) .
Given that functions have yet to be assigned, what can we learn from the present study? RACE experiments and positional information indicate that the de®nition of an sRNA is a matter of perspective. For example, distinct sRNA species are not always indicative of independently synthesized RNAs (independent gene, bordered by promoter and terminator). Some sRNAs are derived from leader (e.g. SroA and SroG) or trailer regions of mRNAs (e.g. SroD, SroE and SroC). An interesting observation concerns SroE, predicted to be encoded in the hisS±gcpE IGR by Rivas et al. (5) . SroE is not a primary transcript (Fig. 3) , as its 5¢ end is generated by cleavage within the stop codon of the preceding gcpE ORF. Intriguingly, a recent study showed that the RelE toxin, in poor growth conditions, arrests translation by cleaving ribosome-bound mRNAs within stop codons (54) .
One can speculate that sRNAs may not only originate from independent genes, but may alternatively be generated and accumulated as independent functional units by processing from longer transcripts. Mattick and Gagen (55) suggested non-coding regulatory RNAs (in eukaryotes) to be part of a parallel transcriptional output, e.g. they are processed out of mRNA introns and in turn play roles in regulatory cross-talk. Their location would ensure that they are produced along with the intron-containing mRNA. Similarly, bacterial sRNAs derived from mRNA leaders or trailers may have independent functions, exerted under conditions when the gene in question is active. SroA and SroG consist essentially exclusively of known riboswitch elements, THI and RFN, respectively (26, 33, 34, 56) . Riboswitch elements are aptamer-like binding sites for small molecules (here thiamine and¯avin derivatives) that trigger secondary structure changes of the mRNA leader in response to ligand binding, resulting in translational or attenuation-type regulation of the genes they precede. Since both elements accumulate strongly as independent sRNA species with predicted binding af®nity, it is conceivable that they could carry out additional, independent roles such as titration of the ligand.
Further complexity arises from the observation that one and the same RNA may function as both mRNA and regulatory RNA. Staphylococcus aureus RNAIII acts as both an mRNA encoding d-hemolysin, and an antisense RNA regulator of the a-hemolysin mRNA (57) . Whether such`moonlighting' sRNAs are present in E.coli is unknown but remains an interesting possibility. Thus, in the absence of functional information, the current de®nition of an sRNA must rely on its mere presence in cells, and various themes are possible (Fig. 6 ). This may even include sRNAs derived from coding regions; some of the mRNA-derived contigs in the cDNA library represent such candidates and are currently being tested.
Riboregulators can be expected to be present in signi®-cant excess over their targets when regulation occurs. Characteristically, plasmid-encoded antisense RNAs are constitutively expressed, unstable, and yet abundant (37) . Most chromosomally encoded sRNAs are induced, but intracellular stabilities are known for only a few. All RNAs tested were analyzed when they were most abundant, i.e they can be assumed to be in excess over putative targets, so that target interaction-dependent degradion pathways (e.g. by RNase III or RNase E) at this point are expected to have little effect on the measured half-life. However, if/when target genes are induced, and the target RNA concentration approaches that of the riboregulator, second-order decay rates may increasingly dominate over target-independent (®rst order) decay rates. Thus, although very long half-lives in rifampicin run-out experiments may be questionable due to major changes in physiology at late time points, it is clear that sRNAs cover the entire range from very unstable to stable (Fig. 5) .
In conclusion, this study used an RNomics approach to describe yet another set of new sRNAs in E.coli, adding to the previously found sRNAs (4±9). Since 62 sRNAs are now supported experimentally, it is clear that sRNAs (although the hallmarks of bona ®de sRNAs may still be poorly de®ned) constitute a signi®cant fraction of the transcriptional output. In a wider perspective, the ubiquitous presence of new sRNAs in eukaryotes and archea (3, 58) has only recently been recognized. The exciting and challenging task in the years to come will be the elucidation of the roles these sRNAs play in all kingdoms of life.
